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Abstract: With the classical statistical and geostatistical methods, the study of the spatial distribution and its influence factors of soil water, salinity and organic matter was carried out for 0–70 cm soil layers in Manas River
watershed. The results showed that the soil moisture data from all soil layers exhibited a normal distribution, with
average values of 14.08%–21.55%. Geostatistical analysis revealed that the content of soil moisture had a moderate spatial autocorrelation with the ratios of nugget/sill ranging from 0.500 to 0.718, which implies that the spatial
pattern of soil moisture is influenced by the combined effects of structural factors and random factors. Remarkable
spatial distributions with stripped and mottled features were found for soil moisture in all different soil layers. The
landform and crop planting had a relatively big influence on the spatial distribution of soil moisture; total soil salinity
was high in east but low in west, and non-salinized soil and lightly salinized soil appeared at the northwest and
southwest of the study area. Under the effect of reservoir leakage, the heavily salinized soils are widely distributed
in the middle of the study area. The areas of the non-salinized and lightly salinized soils decreased gradually with
soil depth increment, which is contrary to the case for saline soils that reached a maximum of 245.67 km2 at the
layer of 50–70 cm. The types of soil salinization in Manas River watershed were classified into four classes: the
sulfate, chloride-sulfate, sulfate-chloride and chloride. The sulfate salinized soil is most widely distributed in the
surface layer. The areas of chloride-sulfate, sulfate-chloride, and chloride salinized soils increased gradually along
with the increment of soil depth; the variation range of the average values of soil organic matter content was between 7.48%–11.33%. The ratios of nugget/sill reduced gradually from 0.698 to 0.299 with soil depth increment,
which shows that the content of soil organic matter has a moderate spatial autocorrelation. The soil organic matter
in all soil layers met normal distribution after logarithmic transformation. The spatial distribution patterns of soil organic matter and soil moisture were similar; the areas with high organic matter contents were mainly distributed in
the south of the study area, with the lowest contents in the middle.
Keywords: soil water and salt; organic matter; spatial distribution; Manas River watershed

The soil moisture, salinity and organic matter are important soil properties, and they are important objects
for the study of soil spatial variation. The soil moisture
is an important part of the terrestrial water resources
(Chen et al., 2005), which links soil, land cover and
atmosphere systems, influences the atmospheric precipitation and the redistribution of energy between the
latent heat and the sensible heat, and then determines
the distribution of vegetation cover and the land productivity level (Western et al., 1998; Petrone et al.,

2004; Pan et al., 2007). The study of the spatial variation of soil moisture has an important role in analyzing
and simulating the fluid movement and the material
migration process of soil dissolved matters (Williams
et al., 2009), simulating hydrological processes and
optimizing agricultural production activities. The
salinization of soils is harmful to the production potential of soils, causing sharp reductions in crop yields
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and changing the adaptability of land cropping; furthermore, the accumulation of salt will also change the
environment of plant growing and cause the vegetation degradation. Understanding the soil salinization
degree and characteristics will help to improve and
recover the ecological environment. The soil organic
matter is also an important part of soils. It is not only
the source of plant nutritive elements, but also has a
big influence on the physical and chemical properties
of soils (Chen et al., 2011). Especially in the arid desert areas, the soil organic matter content determines
the direction of ecological evolution. Understanding
the soil organic matter variation has a very important
role in improving the salinized soils (Reeves 1997;
Dalal et al., 2011).
The soil moisture, salinity and organic matter in
Manas River watershed were studied by using the
classic statistical and geostatistical methods, which
will help us to discover the spatial variation regularity
at large scales. The influential factors of spatial variations were also discussed, which will provide a theoretical base for the protection of water and soil resources and the management of oases.

1 Materials and methods
1.1 Spatial sampling
With the 1: 50000 relief map of the Manas River watershed, 68 sampling sites were selected along the
Manas River according to geomorphic features, soil
type, and land use conditions. The sampling was conducted in early April, 2010 (before summer irrigation).
In this period, the air temperature went up, and the soil
water had strong evaporation when the soil unfreezed
and melted, resulting in the upward migration of salt.
It is a special period for the redistribution of soil water
and salt. The study of spatial distributions of soil
moisture, salt, and organic matter in this period has a
profound influence on the soil improvement. There
was no irrigation or fertilizing in this period, and human disturbances were rare. For sampling, both representativeness and uniformity were considered. Sampling points were chosen at 5-km intervals. The sampling depth was 70 cm, which was divided into 5 layers (0–10, 10–20, 20–30, 30–50, and 50–70 cm). The
samples were obtained through drilling, and soil sam-
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ples obtained from 3 different adjacent drilling locations were mixed to form the samples for testing. The
soil samples for soil moisture determination were
placed in aluminum boxes after being labeled with
serial numbers. The soil samples for determination of
soil salt and organic matter were sealed in air-proof
bags. All sampling points were localized with GPS,
and the conditions of surrounding vegetation cover
and plant growth were recorded. Finally, the spatial
data and attribute data of the sampling points were
established, and projection conversion was performed
with ArcGIS to generate the sampling point distribution diagram of the study area (Fig. 1).
1.2 Sample analysis
The soil samples for salt determination were brought
back to the laboratory for natural air drying, grinding,
and 2-mm sieving, and then to prepare leaching solution of 1:5 water and soil ratio. The soil moisture contents were determined by oven-drying method, and the
soil pH by the acidimeter method. The soil samples for
the determination of soil organic matter were sieved
after air drying. The salt was measured as Ca2+ and
Mg2+ using EDTA complexometric titration; Na+ and
K+, flame photometer method; CO32– and HCO3–,
double indicator titration; Cl– and AgNO3, titration;
SO42–, EDTA indirect complexometric titration; organic matter, potassium dichromate external heating
method.
1.3 Data analysis
The Digital Elevation Model (DEM, resolution is 30
m) of the study area was used to extract the two terrain
factors of slope and aspect, and then the generated
aspect distribution diagram, slope distribution diagram,
and the soil sampling point distribution diagram were
superposed to obtain correspondent attribute database
of the terrain factors and the soil sampling points. The
software SPSS was used to calculate the statistical
characteristic values of the soil moisture, salt, and organic matter. The normality of the data was used in the
Kolmogorov-Smirnov (K-S) method for checking, and
logarithmic transformation was carried out on the data
failing to meet normal distribution. Both the correlation analysis and the principal component analysis for
the soil moisture, salinity, organic matter and ter-
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a larger area of salinized soil. The distribution of
non-salinized soil and lightly salinized soil imply the
influence of landform and human activities on soil
salinity. The south of the study area is mainly characterized by alluvial-proluvial fans with relative deep
underground water and rich precipitation, so the soil
salinization does not easily occur. While the degree of
salinity in the middle of the study area is relatively
high for two main reasons: (1) the intense agriculture
leached away part of the soil salt; (2) the groundwater
exploitation lowers the groundwater table of the area
to induce desalinization. But with the increment of soil
depth, the areas of the non-salinized and lightly salinized soils reduce gradually, which is mainly because
of the less interference of human agricultural activities
to the soils and the increase in the influence of the underground water on the soil salinity.
The areas of the non-salinized and lightly salinized
soils reduce gradually with the increment of soil depth,
but that of the saline soil increases, reaching a maximum of 245.67 km2 (8.88% of the total) at the layer of
50–70 cm; The layers of 0–10 cm, 10–20 cm, 20–30
cm, and 30–50 cm have the highest proportion of
moderately salinized soils in the whole area, especially
for the soil layer 0–10 cm, where the area of moderately salinized soil reaches 1,000.85 km2 (36.18% of
the total), indicating that salt usually accumulates in
the surface layer. In the layer 30–50 cm, the area of
heavily salinized soil is 811.93 km2, which is 29.35%
of the total. In the layers of 20–30 cm and 50–70 cm,
the areas of lightly salinized soil, moderately salinized
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soil, and heavily salinized soil are about the same, indicating the total salinity distributions of the two layers are basically uniformed (Table 2). To sum up, the
topsoil has a relatively high proportion of moderately
salinized soil, indicating that the threatening of salinization to the study area is relatively serious, and the
growth of crops will be inhibited in a certain degree.
Further work is therefore needed with regard to the
balance between irrigation and discharge, as well as
the establishment of monitoring and early warning
systems.
2.4 Chemical types of soil salt
Soil water soluble ions have an important influence on
the growth of crops. Through spatial analysis of soil
water soluble ions of the study area, and plotting the
spatial distribution diagram, it is possible to grasp the
rules for the spatial distribution of soil salt.
The classification of the chemical types of soil salt
is helpful to improving saline-alkali soils, preventing
and controling secondary salinization, and better developing agricultural production (Wang et al., 2006).
The harm of different kinds of lyotropic salt ions to
the crops is different. Under the same conditions, the
harm of the chloride salts is the greatest, while that of
the sulfate type is relatively light. Due to the little precipitation in the Manas Oasis, the seasonal cycle of
soil salt is very weak, and the negative ions are mainly
Cl– and SO42–. So Cl– and SO42–, rather than CO32– and
HCO3–, are considered for the study of major negative
ion components in the area.

Table 2 The area and proportion of soil salinity for different soil depths
Depth (cm)

0–10
10–20
20–30
30–50
50–70

Total salinity (g/kg)

Category

0–3

3–6

6–10

2

618.71

784.64

1000.85

22.37

28.37

2

538.50

773.04

19.47

27.95

374.72
13.55

Area (km )
Proportion (%)
Area (km )
Proportion (%)
2

Area (km )
Proportion (%)
2

Area (km )
Proportion (%)
2

Area (km )
Proportion (%)

10–20

>20

354.10

7.71

36.18

12.80

0.28

883.37

561.76

9.33

31.94

20.31

0.34

760.94

784.56

760.71

85.08

27.51

28.36

27.50

3.08

258.02

521.59

984.02

811.93

190.45

9.33

18.86

35.58

29.35

6.89

458.33

698.30

631.00

732.72

245.67

16.57

25.25

22.81

26.49

8.88
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depth, the nugget/sill values reduce gradually, indicating the effects of the structural factors of the climate,
parent material, and landform on the gradual increase
of the organic matter contents. The nugget/sill value of
the layer 30–50 cm is the biggest, indicating that the
spatial distribution of the soil organic matter in this
layer is the result of the effect of the structural factors
and the influence of artificial factors such as fertilization is very limited. As for the topsoil of 0–10 cm and
10–20 cm layers, the anthropogenic factors have a
bigger influence on the soil organic matter, so the
nugget/sill values are relatively big. The range of the
soil organic matter is between 26.01–131.01 km, and
the difference is relatively big, indicating the variational scales of spatial autocorrelation of soil organic
matter contents for all soil layers are different. The
ranges of organic matter all exceed the average sampling interval of 5 km arranged in this study, indicating that adopting this sampling interval can meet the
requirements for the analysis on the spatial variability
of organic matter.

2.5 Spatial variation of soil organic matter
To obtain the semivariance model and its parameter
values, semivariance function analogue to soil organic
matter was carried out with the software GS+9.0 (Table 3). The results indicate that the models for the soil
organic matter in the soil layers 0–10 cm and 10–20
cm are both exponential; that for the soil layer 20–30
cm spherical; and that for the soil layer 30–50 cm linear. The determination coefficient R2 of all models is
more than 0.5, indicating that all layers can well fit
their theoretical models. The models can basically
reflect the spatial variation characteristics of the organic matter.
The range of nugget values of soil organic matter is
between 0.109–0.368, which is relatively small; it
shows that when the scale is smaller than the scale of
the current study, the effect influencing the spatial
variation of soil organic matter is relatively strong.
The soil organic matter of the soil layer 30–50 cm
presents a linear model, the nugget value being the
biggest and the nugget effects apparent. It indicates
the difference of spatial distribution of soil organic
matter at this layer is not big. At the whole study scale,
the distributions of soil organic matter have constant
variations, and the spatial variation caused by the
structural factors at the minimum sampling interval is
not apparent.
The ranges of sill values for the soil organic matter
in the layers of 0–10 cm, 10–20 cm, 20–30 cm, and
30–50 cm are between 0.755–0.865, with the sill value
for the layer 0–10 cm being relatively high, reaching
0.821, and the sill values for the layers of 10–20 cm,
20–30 cm, and 30–50 cm increasing with the increment of soil depth, reaching a maximum of 0.865.
The nugget/sill values of soil organic matter have
ranges between 0.299–0.698, indicating a moderate
spatial autocorrelation. With the increment of soil
Table 3
Depth (cm)

2.6 Spatial distribution of soil organic matter
To reflect the spatial distribution of soil organic matter
more intuitively, the study input the parameters of the
semivariance functional model, carried out Kriging
interpolation, and plotted the spatial distribution diagram of soil organic matter (Fig. 4).
Soil organic matter contents at all layers take on
stripped and mottled horizontal structures. The areas
with high organic matter contents are basically distributed in the south of the study area, and the higher
organic matter contents can also occur in the soil layers of 0–10 cm, 10–20 cm, and 20–30 cm in the north,
while the organic matter contents of all layers in the
middle are relatively low. The distribution structures
of the soil organic matter and the soil moisture are
similar.

Characteristic parameters of semi-variance of the spatial variation of soil organic matter
Model
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Nugget

Sill

(Co)

(C0+C)

Nugget/Sill
(C0/(C0+C))

Range (km)

R2

0–10

Exponential

0.165

0.531

0.689

131.01

0.699

10–20

Exponential

0.109

0.362

0.698

26.01

0.605

20–30

Epherical

0.252

0.538

0.533

67.28

0.694

30–50

Liner

0.368

0.525

0.299

41.881

0.532
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